Abstract Wet cured pork hams were inoculated with a mixed starter cultures comprising of Lactobacillus acidophilus and Micrococcus varians M483 at the dose level of 106 cfu/g and the un inoculated hams served as controls. The amino acid profile of hams of the treated and the control groups stored at 4oC under MAP and VP and evaluated on 60th day of storage revealed that treated hams liberated higher concentration of free amino acids except for proline and methionine which were found in higher concentration (P<0.01) in the MAP control samples. The MAP control samples liberated glutamic acid (85.65±1.40 ppm), cystine (21.56±1.14 ppm) and tyrosine (16.63±1.94 ppm) whereas, the treated samples did not release these amino acids. The VP control samples too liberated cystine (6.98±1.36 ppm) and arginine (42.70±2.78 ppm) but the treated ham of the VP did not liberate these amino acids. The VP hams had higher concentration (P<0.01) of free proline, glycine, alanine, valine, methionine, isoleucine, phenylalanine, lysine and histidine than the MAP samples. Colour analysis of ham using CIE Lab colour system revealed that the treated samples had significantly higher concentrations of L*, a* and b* components. The L* and a* values were higher in the MAP than under VP systems while the b* values were higher in the VP samples than the MAP samples. Neither the bacterial cultures nor the packaging system influenced the textural property of ham. Starter cultures inoculated hams were rated superior (P<0.05) in terms of their sensory properties. Hams packaged under MAP were rated superior (P<0.05) than those packaged under VP in terms of appearance, colour, taste, tenderness, flavour, juiciness and overall acceptability. Use of starter cultures in ham processing brings desirable biochemical changes resulting in improvement in sensory properties by flavour development and texture softening. Mild proteolysis and lipolysis of the added cultures, the curing ingredients and the endogenous enzymes cause appreciable improvement in the organoleptic qualities of the fermented meat products. In order to improve sensory quality and good colour formation, lactic acid bacteria alone are not sufficient and the contribution of nitrate/nitrite reducing organisms becomes essential. Typical starter cultures for cured ham production comprise of LAB to lower the pH, together with nitrite/ nitrate reducing Micrococcaceae to aid in colour development. During the process of ripening, protein breakdown reactions yield peptides and free amino acids which participate in the development of typical taste of the fermented meat products and also act as precursors of volatile compounds. However, Montel et al. (1992) observed that several species of Lactobacillus and Pediococcus used as starter cultures played no role in protein hydrolysis but opined that the peptidasic activities of LAB could contribute to the increased level of FAA.
Use of starter cultures in ham processing brings desirable biochemical changes resulting in improvement in sensory properties by flavour development and texture softening. Mild proteolysis and lipolysis of the added cultures, the curing ingredients and the endogenous enzymes cause appreciable improvement in the organoleptic qualities of the fermented meat products. In order to improve sensory quality and good colour formation, lactic acid bacteria alone are not sufficient and the contribution of nitrate/nitrite reducing organisms becomes essential. Typical starter cultures for cured ham production comprise of LAB to lower the pH, together with nitrite/ nitrate reducing Micrococcaceae to aid in colour development. During the process of ripening, protein breakdown reactions yield peptides and free amino acids which participate in the development of typical taste of the fermented meat products and also act as precursors of volatile compounds. However, Montel et al. (1992) observed that several species of Lactobacillus and Pediococcus used as starter cultures played no role in protein hydrolysis but opined that the peptidasic activities of LAB could contribute to the increased level of FAA.
In order to extend the storage life, vacuum (VP) or modified atmosphere packaging (MAP) are being increasingly applied for ham distribution and retail sale (Stiles 1990) . MAP has become more common and has successfully been applied to different raw and processed meat products (Ahvenainen et al. 1990; Pexara et al. 2002) . CO 2 has been reported to be extensively used in raw and cooked cured products because of its strong inhibitory effect against microorganisms (Borch et al. 1996; Sørheim et al. 2004 ). However, the shelf life of MAP meat products as compared to their VP counterparts was found to be poor in some studies (Pexara et al. 2002 and Santos et al. 2005) .
The objectives of this study were to investigate the effects of starter cultures comprising of L. acidophilus and Micrococcus varians M483 with proven nitrite/ nitrate reducing properties (Borpuzari and Boschkova 1993) and packaging methods (VP and MAP) on the amino acid profile and eating quality characteristics of pork ham.
Materials and methods
Hams weighing 5-6 kg were fabricated from healthy pigs slaughtered at the slaughterhouse of the NAIP (Component-2) sub-project by separating the hind leg at the point of hip joint. A long deep incision was given on the medial aspect of the ham and the aitch bone was removed out.
Curing of ham The deboned hams were then pumped with the brine with the help of a multi-needle brine injector (Model: PI 11, Gunther Machinenbau, Germany) 5 times by keeping the skin side down. Approximately, 750 to 900 ml (not exceeding 15 % v/w of the ham) of the brine solution was injected per ham (Common salt @ 5 %, Brown sugar @ 1 %, Sodium nitrite @ 0.025 %, Sodium tripolyphosphate @ 0.5 %, Sodium ascorbate @ 0.1 % and Liquid smoke @ 1 %). After injecting the brine, hams were vacuum tumbled at 100 kPa of vacuum pressure for an hour in a vacuum tumbler (Model: LU 2×25, Lumar Ideal II, Inc, Canada) for uniform distribution of the brine.
Application of starter cultures Meat starter cultures comprising of L. acidophilus and M. varians M483 were obtained from the culture collection of the AICRP on PHT laboratory. These strains were originally isolated from a raw-dried fermented sausage. Slant cultures of L. acidophilus were transferred to MRS broth (deMann et al. 1960 ) and that of M. varians M483 to Mannitol salt broth (Chapman 1945 ) and incubated at 37°C for 18-20 hour. Active cultures were then pelleted by centrifuging at 5000 rpm for 10 min in a refrigerated centrifuge (Model: 3 K30, Sigma, Germany). The pellets were resuspended in sterile physiological saline solution to the desired concentration of cells. Number of cells per millilitre was determined by direct microscopic count as described by Harrigan and McCance (1976) . The mixed cultures at the ratio of 1:1 were then injected at multiple sites of the cured and tumbled ham to reach a dose level of approximately 10 6 cfu/g. Ham samples without inoculation of the starter cultures served as control.
The control and treated hams were then immersed separately in a weaker brine solution {common salt reduced by 0.5 % (w/v)} and stored at 4°C for 10 days. After this fermentation period, the rind and fat from the hams along with fascia were removed and kept hung in ham net bags for 15 min. Cold smoking at 25°C was done for an hour in a smoke cabinet (Model: 1600 RET-C, Kerres, Germany). After smoking, the hams were again stored at 12°C for another 4 days. The hams were then cooked in the cooking vat (Model: Mera 200, Talsa, Spain) to an internal temperature of 75°C for an hour. Cooked hams were cooled overnight at 4°C before carving. Ham slices of both the control and treated groups were then vacuum packaged and modified atmosphere packaged in the vacuum packaging machine (Model: QS 500 MAP, Sevana, India) equipped with MAP facility. The gas mixture of CO 2, N 2 and O 2 in the MAP was in the ratio of 1: 1: 1.
Amino acid analysis The amino acid content of the finished product (stored for 60 days at refrigeration temperature) was determined in 5 replicates by using an amino acid analyzer (Model: 850 Professional IC, Metrohm, Switzerland).
The binary gradient was performed with an 850 Professional IC Cation Gradient. A high pressure pump with backpressure column was used for smooth transportation of the PCR reagent. The PCR reaction took place at 120°C in the UV/VIS detector. The IC sample centre kept the samples cool during the measurement. Reagents: Colour characteristics The colour characteristics of the hams stored for 60 days at refrigeration temperature of both the treated and control groups packaged under different packaging systems were studied by using a spectrophotometer (Model: Cary 100 Bio UV-vis, Varian, Holland) equipped with solid sample holder and colour software at 380 to 800 nm in 5 replicates each. The colour parameters were analyzed using the colour coordinates for CIE Lab. Positive values of L* meant lighter or the brightness of the meat, whereas, the negative value indicated the darker colour or dullness in the meat sample. Positive a* indicated the dominance of red colour in the meat and negative value was the indication of the green colour. Positive values of the b* indicated the yellowness of the sample whereas, the negative value indicated more blue colouration.
Shear force value The texture of the VP and MAP ham samples of the treated and the control groups was determined on 1st, 15, 30, 45, 50, 55 and 60th day of storage under refrigeration temperature samples by using texture analyzer (Model: Texture Analyzer HD Plus, Stable Micro Systems, U.K.) equipped with Warner-Bratzler shear apparatus in five replicates each.
The ham samples were cut into cylindrical shapes using a core borer of 1.2 cm diameter. The operating parameters consisted of a cross-head speed of 2 mm/sec and a 100 kg load cell. The shear force perpendicular to the axis of ham piece was measured for each of the samples. The peak of the shear force profile was regarded as the shear force value.
Sensory evaluation Sensory evaluation of 5 batches of the treated and control ham samples stored under MAP and VP in refrigeration temperature was done on 60th day of storage. Ham samples were cut into small pieces and warmed up by light frying and were served to a 7-membered semi trained panel and the ratings in terms of appearance, colour, taste, tenderness, flavour, juiciness and overall acceptability of the product were obtained through a 9-point hedonic score card as described by Bratzler (1971) .
Statistical analysis
The data collected for the various parameter of the study were analyzed statistically as per SAS Enterprise Guide 4.2 (2008).
Results and discussion
Analysis of free amino acids revealed that the treated samples liberated almost all the amino acids at higher concentration than the control samples except for proline and methionine which were found in higher concentration (P<0.01) in the MAP control samples (Table 1 ). The MAP control samples liberated glutamic acid (85.65±1.40 ppm), cystine (21.56± 1.14 ppm) and tyrosine (16.63±1.94 ppm) whereas, the treated samples did not release these amino acids. The VP control samples too liberated cystine (6.98±1.36 ppm) and arginine (42.70±2.78 ppm) but the treated ham of the VP did not liberate these amino acids. Serine and lysine were not liberated in the control samples packaged under VP and MAP systems. Free isoleucine concentration of the control and the treated hams packaged under MAP did not differ significantly. The VP ham of the treated group had free serine and phenylalanine contents of 51.75 ± 1.54 and 283.22 ± 1.91 ppm, respectively whereas their counterparts in the control group did not liberate these amino acids at all. Likewise, the MAP ham of the treated group had free histidine and arginine content of 15.65±1.58 and 50.35±2.42 ppm against nil content of these amino acids in the control group.
The packaging systems employed had statistically significant effect on the concentration of free amino acids of the hams of the treated group. As compared to the MAP samples, the VP samples of the treated group had significantly higher concentration (P <0. Scannell et al. (2004) during the production of fermented non-dried whole muscle ham with proteolytic starter culture observed that there were no significant differences in individual free amino acids between the samples inoculated with proteolytic starter cultures and the control. Guo and Chen (1991) reported that the proteolytic phenomena of microbial origin have been traditionally attributed to proteases of Micrococcaceae and LAB. Hierro et al. (1999) in their study on the contribution of microbial and meat endogenous enzymes to the free amino acid and amine contents of dry fermented sausages reported increase in the FAA during storage.
Colour characteristics of ham Analysis of the colour characteristics of the control and the treated hams packaged under MAP and VP systems and stored for 60th day revealed that the L*, a* and b* values were found to be in higher concentration (P<0.01) in the treated group. The MAP samples showed higher intensity of L* and a* values and lower b* values than the VP samples in both the treated and the control hams (Table 2) . Scannell et al. (2002) observed that the colour of the fermented ham had visibly deteriorated after 14 days of storage. Throughout the storage over 56 days, a* values decreased slightly while L* increased in both the fermented and unfermented ham slices and b* values were significantly higher in the fermented ham. Kotzekidou and Bloukas (1996) reported that the sliced vacuum-packed cooked hams produced with Staph. xylosus had higher a* values than the control, indicating a redder product. Jin et al. (2010) reported that with increased storage time, the L* values in dry cured pork neck showed a tendency to increase in all the three types of packaging (NP, VP and MAP). The VP samples showed higher L* values than the MAP samples and the redness (a*), which is used as an indicator of colour stability in meat and meat products was lower in VP than MAP samples at 60th day of storage. As regards to yellowness (b*), the VP samples showed higher values than the MAP samples at the 60th day of storage.
Shear force value of ham The textural properties of the hams measured as shear force value ranged from 10.81 to 13.15 g in the treated ham and from 11.35 to 13.83 g in the control samples (Fig. 1) , the difference, however, being statistically non-significant. The samples analyzed on 45th day of storage showed that the ham of the treated group packaged under VP system was significantly tenderer than the control samples. Overall, packaging did not seem to play any role on the textural characteristics of the ham in either of the control or the treated samples. Rai et al. (2006) reported that when used as mixed culture, L. casei subspp casei-1.001 and Staph. xylosus-12 showed the lowest values for texture profile of dry fermented Chinesestyle sausage. In agreement with the findings of the present study, Jin et al. (2010) reported that there were no significant differences in shear force value between NP, MAP, VP of dry cured pork neck during storage up to 90 days.
Sensory properties of ham
The sensory evaluation of the control and the treated hams packaged under MAP and VP performed on 60th day of storage indicated that use of mixed starter cultures of L. acidophilus and M. varians M483 brought (Fig. 2) . Superior panel preferences of the starter culture treated ham could be attributed to the production of carbonyl compounds, volatile fatty acids, lactic acid, diacetyl, acetoin etc. by the starter cultures that might have contributed to the taste and flavour of the finished product. Geisen et al. (1992) reported that staphylococci and micrococci could protect the colour changes and rancidity in the meat product. Moreover, by producing lipase these could take part in breakdown of fat into flavour active breakdown products ensuring desirable flavour qualities to the product. Several researchers (Lucke 1985; Bacus 1986 ) have emphasized on the role of Micrococcaceae in aromatisation of fermented meat products. Scannell et al. (2002) reported that the panellists found the hams fermented with L. sakei and Staph. carnosus better for taste and texture profile and were more acceptable than delicatessen purchased control hams.
Conclusion
Inoculation of pork ham with bacterial starter cultures comprising of L. acidophilus and M. varians M483 and packaged under MAP and VP revealed higher evolution of free amino acids than the control samples except for proline and methionine which were found in higher concentration (P<0.01) in the MAP control samples. Higher evolution of the free amino acids in the treated samples might be due to the proteases produced by the starter organisms. The VP ham of the treated group had free serine and phenylalanine contents of 51.75± 1.54 and 283.22±1.91 ppm, respectively whereas, their counterparts in the control group did not liberate these amino acids at all. Likewise, the MAP ham of the treated group had free histidine and arginine content of 15.65±1.58 and 50.35± 2.42 ppm against nil content of these amino acids in the control group.
The MAP samples showed higher intensity of L* and a* values and lower b* values than the VP samples in both the treated and the control hams. MAP better stabilized cured meat colour of ham slices than VP. Neither the bacterial starter cultures nor the packaging systems employed influenced the 
